Background: Association between psoriasis severity and cerebro-and cardiovascular comorbidities has rarely been investigated. Aim: We aimed to investigate differences in cerebro-and cardiovascular comorbidities by psoriasis severity. Materials and methods: Using Swedish nationwide health-care registers, new adult users of anti-psoriatic drugs (2007)(2008)(2009)(2010)(2011)(2012)(2013) with a recorded diagnosis of psoriasis/psoriatic arthritis or a filled prescription for calcipotriol were included. Psoriasis severity was based on the type of anti-psoriatic treatment (topical/mild, non-biologic systemic/moderate-to-severe, and biologics/ severe). Age standardized prevalence rates of cerebro-and cardiovascular comorbidities and their risk factors were compared between the groups. Results: We found that severe psoriasis patients (N=2147) were younger than moderate-to-severe (N=11,919) or mild (N=70,796) patients (median 44, 52, and 55 years). Prevalence of hypertension was 29.9%, 32.6%, and 36.5%, myocardial infarction was 2.5%, 2.3%, and 1.8%, and stroke was 2.4%, 2.2%, and 1.1% in mild, moderate-to-severe, and severe psoriasis patients, respectively. Diabetes prevalence was 7.6% in mild, 8.0% in moderate-to-severe, and 10.7% in severe psoriasis. Conclusion: Myocardial infarction and stroke were less common in patients with severe psoriasis while, despite being younger, they had a higher prevalence of diabetes and hypertension. Keywords: psoriasis, severity, cardiovascular, cerebrovascular, prevalence
Introduction
Prevalence of psoriasis, a common chronic inflammatory disease, is around 0.09%-11.4% in the world 1,2 and 2%-4% in most developed countries. [2] [3] [4] In recent years, psoriasis has been considered to be associated with diseases, such as cardiovascular diseases (CVDs) and metabolic disorders (MDs). [5] [6] [7] Hypertension (HTN) has proved more common in psoriatic patients than in the general population. [8] [9] [10] [11] Psoriasis has also been associated with a higher risk of myocardial infarction (MI) 12 even after adjustment for known risk factors. 13 Few studies, however, have examined how these comorbidities vary based on the psoriasis severity. Armstrong and Harskamp 14 reported that the risk of HTN is increased in patients with severe psoriasis compared with a mild condition. Mehta et al 13 found that the severity of psoriasis was associated with the major CVD events: MI and stroke. With respect to MDs, studies have indicated that diabetes mellitus (DM) is more prevalent among psoriatic patients, 12 especially among patients with severe disease. 11, 15 Psoriasis has also been found an independent risk factor of type 2 DM after controlling for age, sex, body mass index, HTN, and hyperlipidemia.
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Hajiebrahimi et al Despite this knowledge, our study aims to investigate the prevalence of cerebro-and cardiovascular comorbidities in a larger sample of psoriasis patients, as prior studies are limited due to the relatively small sizes. We used a large nationwide population of psoriasis patients, to find the prevalence of comorbidities during the 5-year period preceding treatment initiation (untreated time) for psoriasis or psoriatic arthritis.
Materials and methods
Using the National Patient Register (NPR) and the Prescribed Drug Register (PDR) covering the Swedish population, we identified patients with either a diagnosis of psoriasis/psoriatic arthritis and/or calcipotriol treatment. The first dispensing of a psoriasis medication was then identified to determine inclusion eligibility. The NPR 16 has recorded inpatient hospital discharge diagnoses since 1964, with complete national coverage since 1987. The current completeness of the register is >99%. 16 Starting in 2001, diagnoses from outpatient visits at hospital are also registered. Details on all drugs dispensed at pharmacies by personal prescriptions to the entire Swedish population are registered in the PDR since 1st July 2005. 17 Drugs are classified according to the Anatomical Therapeutic Chemical (ATC) classification system. 18 Drug treatment during inpatient hospital care and purchases of over-the-counter medications are not recorded. Migration data were retrieved from the Total Population Register, which has collected computerized demographic data since 1968. 19 All registers were linked using the unique personal identity number assigned to all Swedish residents since 1947.
A flow diagram of patients with psoriasis according to the inclusion and exclusion criteria for this study is shown in Figure S1 . Patients with a main diagnosis of psoriasis or psoriatic arthritis between 1968 and 2013 (Table S1) were identified in NPR. The patients who subsequently filled at least 1 dispensing of an anti-psoriatic drug (Table S2 ) between 1 July 2007 and 31 December 2013, without a prior dispensing of these medications since 1 July 2005, were eligible for inclusion. In order to identify psoriatic patients diagnosed in primary care (not recorded in NPR), we also included patients who filled at least 1 dispensing of calcipotriol with/without corticosteroids (ATC-codes D05AX02, D05AX52) during the same time-interval of 1 July 2007 to 31 December 2013, without such drugs dispensed between 1 July 2005 and 30 June 2007. Only patients aged >18 years at the date of the first dispensing were included. All patients from the topical treatment group who were dispensed a nonbiological or a biological treatment before topical treatment index date (the first dispensing date of anti-psoriatic drugs in each treatment group) and all patients in non-biological treatment group who received a biological drug before their index date were excluded. Patients were also excluded if they migrated to/from Sweden during the 5-year period prior to therapy initiation because these patients did not have full 5-year coverage of comorbidity history in the national registers. Since we only included patients without treatment of psoriasis (or psoriatic arthritis) between 1 July 2005 and 30 June 2007, we restricted our study population to those with little or no disease activity during at least 2 years preceding the new anti-psoriatic treatment.
We classified psoriatic patients (including psoriatic arthritis) based on the type of the dispensed anti-psoriatic drugs: 1) topical group (calcipotriol with/without corticosteroids), 2) non-biological systemic group (methotrexate, cyclosporine, acitretin, or phototherapy), and 3) biological group (adalimumab, etanercept, infliximab, efalizumab, ustekinumab, certolizumab, or golimumab). These treatments have been shown to correlate with increasing psoriasis severity, ranging from mild (topical) to moderate (non-biologic systemics) to severe (biologics). 20, 21 We used calcipotriol with/without corticosteroids as the proxy to identify the mild psoriasis group since this drug is used exclusively to treat mild psoriasis. 22 We chose not to include drugs, such as corticosteroids, coal tar, vitamin D, etc., which are also used for other indications than psoriasis. This selection is conservative as it possibly identifies patients with psoriasis disease, but may lead to a lower sample size. Patients were allowed to be included in more than 1 treatment group if they were treated with different drug types, as long as the treatment groups followed the hierarchical treatment sequence: topical to non-biologic systemic to biologics. Concurrent use was classified to the most potent group; for example, a patient prescribed adalimumab and methotrexate on the same date, was classified into the biological group since adalimumab is used for the treatment of severe psoriasis.
Individuals with CVD comorbidities and risk factors were identified in both NPR and PDR (Table S3) . CVDs, such as MI, angina pectoris, atrial fibrillation, stroke, heart failure, and hypertensive diseases were identified from NPR 5 years prior to index date. The diseases were captured from primary or secondary diagnosis in either the in-or outpatient settings. The same procedure was used for MDs, all of which are risk factors for CVDs. Data on HTN and DM were identified both in NPR and by filled prescriptions in PDR. We are limited in identifying HTN, DM, and hyperlipidemia in NPR, since these diseases are often diagnosed and treated 
707
Severity of psoriasis and cardiovascular comorbidities in primary health centers. Therefore, dispensed drugs from PDR was used as a proxy to identify these comorbidities. The dispensed drugs were identified during a 2-year period prior to index date.
The study was approved by the Research Ethics Committee of Karolinska Institutet (Approval 2009/1250_31/4).
Statistical analysis
We estimated the prevalence rate of the comorbidities during 5 years before initiation of the treatment among psoriasis patients with mild, moderate-to-severe, and severe psoriasis based on anti-psoriatic treatments. In fact, our study includes only the untreated time preceding the treatment for each treatment type. We identified age and sex as confounders potentially affecting the prevalence rates of comorbidities. In order to attenuate possible differences in age between the treatment groups, we compared the prevalence rates of the comorbidities during 5 years before initiation of anti-psoriasis treatment after standardization by age. The overall Swedish age distribution in 2013 was used as the standard. Since the prevalence of CVDs is different between sexes, subgrouping was used to handle this confounding. As measure of precision 95% CIs were calculated around the prevalence rates. To compare the results between the 3 different treatment groups, we used overlaps of the 95% CIs to assess statistical significance. We moreover compared our results with the prevalence of the comorbidities in the general population, which was retrieved from other studies in Sweden or from The National Board of Health and Welfare. Analyses were carried out using SAS ® version 9.4, SAS Institute, Cary, NC, USA and STATA version 12 (College Station, TX: StataCorp LP). Table 1 presents the baseline characteristics of the study population by treatment group/psoriasis severity. Patients with severe psoriasis, that is, those starting a biologic treatment, were younger (median 44 years, interquartile range [IQR]: 34-55) than the patients with a moderate-to-severe psoriasis (starting a non-biologic systemic treatment) (median 52 years, IQR: 41-62) or with a mild psoriasis (starting a topi- 
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Hajiebrahimi et al cal treatment) (median 55 years, IQR: 41-66). We further found that treatment with biological drugs increased -in absolute number of individuals -during the study period, while treatment with non-biological systemic drugs did not change substantially, and topical treatment decreased.
The standardized rates of comorbidities at baseline in the 3 different treatment categories are presented in Table 2 Estimating the prevalence rates by sex showed that the prevalence of MI and stroke was higher among men. However, the decreasing pattern of the prevalence of these diseases is almost the same by severity. Moreover, although the increasing pattern of the prevalence of the risk factors of CVDs: HTN and DM, by sex is similar to the overall results, the prevalence of these comorbidities is higher among females with moderate-to-severe and severe psoriasis than in men (Table S4) .
Discussion
In this large population-based cross-sectional study, using Swedish national health registers, we identified >80,000 patients with psoriasis (or psoriatic arthritis) receiving antipsoriatic treatment between 1 July 2007 and 31 December 2013. Close to 75,000 patients started a topical treatment with calcipotriol -suffering from mild psoriasis; around 12,000 patients started treatment with non-biological systemic drugs -assumed to suffer from moderate-to-severe psoriasis; and ~2200 started a biologic regimen -the patient group with presumably the most severe psoriasis. Including only naïve users and applying hierarchical classification led to a higher proportion of mild cases and a lower proportion of severe cases than observed in other studies. The 3 groups were investigated and compared with regard to cerebro-and cardiovascular comorbidities and selected early risk factors during a 5-year period before starting treatment (a 2-year period for conditions identified by dispensed prescribed drugs). We found that the standardized prevalence of the major cardio-and cerebrovascular outcomes (i.e., MI and 
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Severity of psoriasis and cardiovascular comorbidities stroke) were less frequent in patients with severe psoriasis, as would be expected since this population is younger than those with a mild or moderate-to-severe condition. On the contrary, conditions representing early risk factors for CVD events, were as common or more common in patients with severe psoriasis, despite their younger age. Therefore, at the start of biologic treatment, the more severely ill psoriasis patients appear to already suffer from early warning signs for a serious condition that has yet to manifest.
Consistent with previously published studies, our study shows that the prevalence of CVDs may be influenced by severity of psoriasis. Al-Mutairi et al 23 conducted a casecontrol study on 1835 patients with psoriasis vulgaris and their matched non-psoriatic controls. They found that the prevalence of HTN was 32.0%, 40.3%, and 11.6% among those with mild-to-moderate psoriasis, severe psoriasis, and controls, respectively. Through a meta-analysis of observational studies, Armstrong et al 14 have concluded that patients with severe psoriasis have a higher risk of HTN compared with mild psoriatic patients. In the present study, the agestandardized prevalence of HTN was found to be 29.9%, 32.6%, and 36.5% among patients with mild, moderate-tosevere, and severe psoriasis, respectively.
Compared with the prevalence of HTN in the general population of Sweden (20%), 24 the results from our study show an approximately 2-fold higher prevalence of HTN in severe psoriasis patients. In this study, the prevalence of other CVDs, for example, MI or stroke was found to be 2.5%, 2.3%, and 1.8% for MI, and 2.4%, 2.2%, and 1.1% for stroke in patients with mild, moderate-to-severe, and severe psoriasis, respectively. This is higher than the prevalence of these diseases in the general population of Sweden (MI: 0.4%, stroke: 0.3%). 25, 26 Respective prevalence rates of DM in mild, moderate-tosevere, and severe psoriasis in our study were 7.6%, 8.0%, and 10.7%. The observed increasing prevalence of DM is supported by previous studies showing increased prevalence of DM with increasing severity of psoriasis. Neimann et al 15 have shown, through a cross-sectional study in the UK, that the prevalence of DM is 4.4% and 7.1% among patients with mild and severe psoriasis, respectively, compared with non-psoriatic controls with a prevalence of 3.3%. Al-Mutairi et al 23 have reported the prevalence of DM (type 2) among psoriatic patients as: 37.4% in mild-to-moderate psoriasis, 41.0% in severe psoriasis, and 16.0 % in control patients without psoriasis. Despite the similarity of the direction between the previous 15, 23 and this study, the variability observed might originate from differences in the definition of the psoriasis severity. In Neimann et al 15 all patients who received psoralen, phototherapy, methotrexate, azathioprine, cyclosporine, etretinate, acitretin, hydroxyurea, and mycophenolate were considered as severe psoriasis patients and biological treatments were not used in that study. Moreover, the registry used only records visits to general practitioners, while our study covers specialist clinics, hospital admissions, as well as general practitioner visits estimated from prescription claims. In Al-Mutairi et al 23 the Psoriasis Area Severity Index (PASI) was used to measure the severity of the psoriasis and the outcome of interest was type 2 diabetes. We also compared comorbidity rates with the general population of Sweden, and found that the prevalence of DM in our study is higher than that of the general population: a total of 7.6%, 8.0%, and 10.7% in the mild, moderate-to-severe, and severe groups, respectively, versus 6.2 % 27 to 6.8% 28 in the Swedish general population.
One explanation of higher prevalence of risk factors and lower prevalence of the major events of CVDs in the severe psoriasis group (younger patients) could be the nature of the psoriasis. Psoriasis onset at a younger age (≤40 years old) or early-onset disease 29, 30 has been shown to have a higher inflammatory reaction, extensive cutaneous involvement, and more severe clinical course 31-33 compared with older age/ late onset of psoriasis. Therefore, it is reasonable to expect a higher rate of the CVD risk factors, such as HTN and DM among younger psoriasis patients due to a possible shared pathologic mechanism between CVDs and psoriasis. With regard to major cardiovascular events, such as MI or stroke, it may be that these events need a longer time to manifest. Therefore, it could be expected to find a higher rate of early risk factors of CVDs while the prevalence of the major events of CVDs is yet to manifest in our data due to right censoring.
The strengths of our study include the population-based design, the national coverage of the registers being close to 100%, the long study period, and the large sample size compared with prior works. By use of both NPR and PDR, we were able to include as many patients as possible with psoriasis (including psoriatic arthritis) in the study, that is, patients treated in both primary care and by specialists at hospitals. This study is the first Swedish nationwide investigation on prevalence of CVD and DM among psoriatic patients. Our findings support existing information on the prevalence of these comorbidities among psoriasis patients. Our study also used a 5-year period before starting the anti-psoriatic treatments to quantify the prevalence of comorbidities. Our results could be generalized to similar populations due to its population-based design and large sample size. A limitation of our study is using treatment types to measure psoriasis severity. A more direct severity measure, such as PASI is more ideal, however, these data are not captured in Swedish national health registers. However, using anti-psoriatic treatment as a proxy for severity of the disease has been estimated to have a sensitivity and positive predictive value of more than 90% and 80%, respectively. 20, 21 A second potential limitation is the overlap between mild and moderate-to-severe treatment groups, when we use the treatment as a proxy. For example, some types of psoriasis, such as guttate psoriasis are frequently treated with cyclosporine even when these cases are considered mild. However, this did not have a major impact on our results as the prevalence of guttate psoriasis is low (around 2%) 34 and typically occurs in children who were excluded from this study. A third potential limitation is due to the lack of coverage of PDR for drugs prescribed at a hospital. Some drugs, such as infliximab, are prescribed in hospital and do not appear in PDR. There may be an underestimation for drugs prescribed at hospitals when we rely on the PDR to create the treatment groups. Fourth, we also lacked information on physical activity, tobacco use, diet, and central obesity as these are not available in the national Swedish registers. As the last limitation, we had no information about the indication for the drugs prescribed: both non-biological systemic drugs and biologics can be used for other indications beyond psoriasis and psoriatic arthritis. However, all patients except those identifying just in PDR (calcipotriol users in primary health care centers) had a diagnosis of psoriasis or psoriatic arthritis recorded in the NPR.
Conclusion
Despite the younger age of patients with severe psoriasis, that is, those starting a biologic treatment, the prevalence of early risk factors for cardio-and cerebrovascular disease was higher than in the older patients with a mild or moderate-tosevere psoriasis, or those starting a topical or non-biologic systemic treatment. A health policy implication from our results is that all patients suffering from severe psoriasis should be carefully monitored with regard to signs and symptoms of metabolic conditions as early signs of cerebro-and cardiovascular disease.
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